Study of the N = 50 major shell effect close to Ni : 
First evidence of a weak coupling structure in f^Gesi 
and three-proton configuration states in gjGaso 
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Abstract. New levels were attributed to liGaso and llGesi which were fed by the /3-decay of 
their respective mother nuclei foZnsi and |iGas2 produced by fission at the "PARRNe" ISOL 
set-up installed at the Tandem accelerator of the Institut de Physique Nucleaire, Orsay. We 
show that the low energy structure of liGaso and llGesi can easily be explained within the 
natural hypothesis of a strong energy gap at N = 50 and a doubly-magic character for 78 Ni. 



1. Experimental procedure and results 

The sources of 81 Zn (Ti = 290 ± 50 ms) and 83 Ga (Ti = 310 ± 10 ms) were obtained at the 
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PARRNe mass-separator facility operating on-line at the 15MV MP-Tandem at the Institut de 
Physique Nucleaire, Orsay. In these two experiments, a nat \J target of mass ~ 75 g made of 
a series of VC X pellets heated at 2000° C was associated with a hot plasma ion-source of the 
ISOLDE MK5 type and exposed to the neutron flux generated by the reaction of the 26 MeV 
deuteron beam delivered by the Tandem. Details on the detection setup can be found in Ref. 
PQ. The results of these experiments are summarized on Fig. ^ 

2. Structure of 83 Ge 

Concerning 83 Ge, the nature of the states we observed can be inferred from a careful 
consideration on the systematics of low-lying positive parity states of the = 51 odd-nuclei. 
Most of these states originate from the neutron single-particle orbitals 2ds, 3s i, 2ds and lgi 
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situated above the N = 50 closed shell and their coupling to the 2f quadrupole first excited 
state of the underlying semi-magic even-even cores. In a situation of weak coupling, the energy 



the core angular momentum, j that for the odd particle and J is the total angular momentum 
[I]. Assuming as in a quadrupole residual interaction between the core and the particle then 



splitting of the multiplet is governed by a simple 6— j symbol 
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Figure 1. Left part : proposed level 
scheme for 81 Ga from the present work. 
For the discussion on the proposed spin 
assignments see text (the values of Ti 
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and P n are taken from literature 0). 
Right part, same as left part for 83 Ge 
(the values of Ti and P n are taken from 

literature [3]). 



we take k = 2 leading to a relative order | + , | + , a doublet § + /| + and the ^ + pushed up. We 
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propose the state at 867 keV as the ^ lowest-energy member of the 27" (g> i/2ds multiplet and 
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the state at 1238 keV as the | or the | member of the multiplet. The whole discussion on 
this spin attribution can be found in Ref. p^. 

3. Structure of 81 Ga 

As for 81 Ga, our experimental results were compared to shell model calculations considering 
78 Ni as a core and limiting the valence space to protons. Following Ref. (Hj the energy ordering 
for the proton sp orbitals in this valence space is l/s followed by 2p3. As a first guess, we 
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assumed that the ground and the 802.8 keV states were members of the 7r(l/5) 3 configuration. 

For such a configuration, there exists a closed formula (by Talmi) giving the energy sequence of 
its members as a function of 4 parameters. We determined these parameters using the evaluated 
mass of 78 Ni as reference and the 802.8 keV value as one of the inputs. This allowed us to 



propose a new set of TBME (1/5/2 1/5/2 V12 I/5/2I/5/2) 0- The most remarkable 

\ / J — 0.2-4 — 1 

difference as respect to the sets established in [gj and (Hj is a strongly increased value for the 
term associated with the pairing ( J = 0, T = 1). The general agreement between calculated and 
experimental spectra of the N = 50 odd-nuclei is improved in an unexpected way. It allows us 

to identify the ground state of 81 Ga as the J = 5/2, v = 1 member of the 7r(l/5) 3 configuration 
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and the 802.8 keV state as its J = 3/2, v = 3 member and, incidentally, to confirm our first 
guess. The state at 351.1 keV does not belong to the 3-particle configuration but has rather 
J = 3/2, v = 1 corresponding to a 2p3 quasi-particle like nature. 



2 

References 

[1] Perm O et al. 2006 Eur. Phys. J. A 28 307 

[2] Baglin C M 1996 NDS 79 447 

[3] Browne E 1992 NDS 66 281 

[4] De-Shalit A 1961 Phys. Rev. 122 1530 

[5] Auerbach N 1968 Phys. Lett. B 27 127 

[6] Ji X and Wildenthal B H 1988 Phys. Rev. C 37 1256 

[7] Audi G, Wapstra A H and Thibault C 2003 Nuclear Physics A 729 337 

[8] Verney D et al., in preparation 

[9] Lisetskiy A F, Brown B A, Horoi M and Grawe H 2004 Phys. Rev. C 70 044314 



